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Re  gard  less of the huge ad  vances made in the de  sign and fab  ri  ca  tion of mid-in  fra  red and
terahertz quan  tum cas  cade la  sers, suc  cess in ac  cess  ing the ~3-4 mm re  gion of the elec  tro  mag  -
netic spec trum has re mained lim ited. This fact has brought about the need to ex ploit res o nant
intersubband  tran si tions  as  pow er ful  non lin ear  os cil la tors,  con se quently  en abling  the  oc cur -
rence of large non lin ear op ti cal sus cep ti bil i ties as a means of reach ing de sired wave lengths. In
this work, we pres  ent a com pu ta tional model de  vel oped for the op ti mi  za  tion of sec  ond-or  der
op  ti  cal nonlinearities in In0.53Ga0.47As/Al0.48In0.52As quan  tum cas  cade la  ser struc  tures based
on the im  ple  men  ta  tion of the Ge  netic al  go  rithm. The carrier trans  port and the power out  put
of the struc ture were cal cu lated by self-con sis tent so lu tions to the sys tem of rate equa tions for
car ri ers and pho tons. Both stim u lated and si mul ta neous dou ble-pho ton ab sorp tion pro cesses 
oc cur ring  be tween  the  sec ond  har monic  gen er a tion-rel e vant  lev els  are  in cor po rated  into  rate
equa  tions and the ma  te  rial-de  pend  ent ef  fec  tive mass and band non-parabolicity are taken
into ac  count, as well. The de  vel  oped method is quite gen  eral and can be ap  plied to any higher
or  der ef  fect which re  quires the in  clu  sion of the pho  ton den  sity equa  tion.
Key words: quan tum  cas cade  la ser,  ge netic  al go rithm,  sec ond  har monic  gen er a tion,
op ti cal  nonlinearity
  IN TRO DUC TION
Quan tum cas cade la sers (QCL) rep re sent a class of 
semi con duc tor  in jec tion  la sers  based  on  intersubband
tran  si  tions in mul  ti  ple quan  tum well (QW) struc  tures.
The vast num ber of QW that form these struc tures, which 
can be mea  sured in hun  dreds, al  low us the flex  i  bil  ity of
tai lor ing  var i ous  out put  prop er ties  to  de mand,  in  ac cor -
dance with or even op ti mized for a par tic u lar ap pli ca tion, 
by sim ply mod i fy ing the thick ness and/or com po si tion of 
the con  stit  u  ent lay  ers [1, 2]. In the past cou  ple of years
this de sign flex i bil ity has ex panded the achiev able wave -
length range from 3-25 mm to the terahertz re  gime,
which, to  gether with the abil  ity of room tem  per  a  ture op  -
er  a  tion, has marked these la  sers as prac  ti  cal and re  li  able
light sources for a va  ri  ety of ap  pli  ca  tions such as trace
chem i cal  sens ing,  health  mon i tor ing  and  in fra red  coun -
ter mea sures  [3-10]. 
Be sides  the  lin ear  op ti cal  prop er ties,  res o nant
intersubband tran si tions can also be uti lized for strong
non lin ear ef fects, en abling huge non lin ear op ti cal sus -
cep  ti  bil  i  ties to take place [11]. These op  ti  cal
nonlinearities can have a vast range of pos  si  ble ap  pli  -
ca  tions, due to the ca  pa  bil  ity of chang  ing the fre  -
quency of the fun  da  men  tal la  ser source [12, 13].
A nec es sary  re quire ment for ef fec tive  QCL de sign
is ac knowl edg ing all the phys i cal pro cesses that oc cur in
the ac  tive la  ser re  gion of these com  plex de  vices, as well
as  cre at ing  a  sys tem atic  and  pre cise  mod el ing  tech nique
which will be able to suc  cess  fully re  pro  duce them. This
makes the in  clu  sion of all rel  e  vant scat  ter  ing mech  a  -
nisms that take place in both the op  ti cally ac  tive and col  -
lec tor(ex trac tor)/in jec tor  multi-quan tum  well  re gions  of
the QCL es  sen  tial for an ac  cu  rate de  scrip  tion of car  rier
dy nam ics  [14,  15]. 
In the work pre sented here, we will pres ent the op -
ti mi za tion  of  two-QW  op ti cally  ac tive  re gion  mid-in fra -
red (MIR) QCL [16] with re spect to res  o nant sec  ond-or  -
der sus cep ti bil ity (c(2)). The op ti mal po ten tial pro file that 
max i mizes  the  prod uct  of  di pole  ma trix  el e ments  rel e -
vant to c(2)  as so ci ated  with  the sec ond  har monic gen er a -
tion (SHG) is ob  tained by em  ploy  ing the ge  netic al  go  -
rithm. The out  put prop  er  ties of the op  ti  mized struc  ture
are cal  cu  lated by us  ing the full self-con  sis  tent rate equa  -
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*  Cor re spond ing au thor;  e-mail:  radovanovic@etf.bg.ac.rstion model which in cludes both car rier and pho ton den si -
ties [5, 17], while the re  sults of the cal  cu  la  tions pre  dict a
no tice able im prove ment of the tar geted non lin ear op ti cal
sus cep ti bil ity  and,  con se quently,  of  the  non lin ear  out put
power for the op  ti  mized de  sign.
THE O RET I CAL  CON SID ER ATIONS
Ac tive  re gion  op ti mi za tion
Op ti mi za tion  through  math e mat i cal  mod el ing
has been uti lized in many ap pli ca tions [18], and prob a -
bly the most prom  is  ing one is its de  ploy  ment in the
field  of  im prove ment  of  the  out put  char ac ter is tics  of
heterostructure-based de  vices [19, 20]. There are sev -
eral tech niques that can be ap plied for solv ing this par -
tic u lar prob lem [21] and in this work we have adopted
a global op ti mi za tion tech nique based on the use of the 
ge  netic al  go  rithm [22]. This al  go  rithm be  longs to a
larger  class  of  evo lu tion ary  al go rithms  and  rep re sents
a search heu ris tic used to gen er ate so lu tions to op ti mi -
za tion and search prob lems by a com bi na tion of se lec -
tion,  re com bi na tion  and  mu ta tion  [23,  24],  ac tu ally
mim  ick  ing pro  cesses that oc  cur in na  ture. It is cho  sen
for its abil ity to ad dress prob lems that stan dard op ti mi -
za tion  al go rithms  can not  han dle,  i.  e.  en tail ing  ob jec -
tive  func tions  which  are  dis con tin u ous,  non-dif fer en -
tia  ble, sto  chas  tic, or highly non  lin  ear. Also, un  like
other tech  niques in use, the ge  netic al  go  rithm (GA)
can be eas ily adapted so that it takes into ac count var i -
ous de  sign con  straints, such as supersymmetric quan  -
tum me chan ics, which will pro duce a smooth po ten tial 
pro file  that  re quires  ad di tional  discretization.
Due to their ex  tremely com  plex struc  ture and a
large num ber of pa  ram e  ters to be con  sid  ered, the op  ti -
mi  za  tion of the en  tire QCL struc  ture would be highly
de mand ing, so we have fo cused on the op ti mi za tion of
the ac  tive re  gion which we then seamlessly as  sim  i  late
with  the  ex ist ing  in jec tor/col lec tor  de sign.
Typ i cally, ac tive re gions in MIR QCL con sist of a
min i mum  of  three  con sec u tive  en ergy  lev els,  with  the
ra di a tive  tran si tions  oc cur ring  be tween  the  up per  and
lower la ser lev els, while the elec trons quickly leave the
lower la ser level by res o nant LO phonon scat ter ing into
the first, ba  sic, level of the ac  tive re  gion. How  ever, a
QCL  struc ture  ca pa ble  of  sec ond  har monic  gen er a tion
con  tains one more sig  nif  i  cant en  ergy trip  let in which at
least one en  ergy level needs to be pop  u  lated with free
elec trons in or der for the struc ture to be able to gen er ate
ra di a tive  tran si tions  and  act  as  an  ef fi cient  non lin ear
con verter.  This  sets  an  im por tant  de sign  re quire ment,
i. e. that the up per la ser level needs to co in cide with one
of the lev  els in the non  lin  ear cas  cade.
In our op  ti  mi  za  tion model, we start with the ex  -
ist ing de sign (see [16]) in which the ac tive re gion con -
sists of two cou  pled InGaAs quan  tum wells sep  a  rated
with an AlInAs bar  rier. The op  ti  mi  za  tion tar  get func  -
tion is cho sen so as to max i mize the sec ond or der non -
lin ear  sus cep ti bil ity  [25]
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where, Mij is the di pole ma  trix el e ment be tween lev els
i and j, gij – the full width half max i mum for tran si tions
oc cur ring be tween lev els i and j, ni – the sheet elec tron
den  sity of level i, and d rep  re  sents the lay  ers width.
Tak ing into ac count that n3on4, n5, as well as that
the gij have sim  i  lar val  ues [16], the fol  low  ing rel  e  vant
quan  tity for op  ti  mi  za  tion may be ex  tracted from eq.
(1)
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The op  ti  mi  za  tion is per  formed for a fixed ex  ter  -
nal field value, with the ob  jec  tive to max  i  mize the
func tion  FT, eq. (2), by vary  ing the con  stit  u  ent layer
thick  nesses which form the pa  ram  e  ter vec  tor. At the
same time, sev  eral con  straints need to be ad  dressed.
Tran si tion en er gies, DE21 and DE32, de fined by the LO
phonon  and  tran si tion  en ergy,  re spec tively,  to gether
with the tran  si  tion en  er  gies be  tween the lev  els con  sti  -
tut  ing  the  cas  cades,  DE54 and DE43, should re  main
un  changed. The layer thick  nesses are only al  lowed to
have  non-neg  a  tive  val  ues,  and  these  are  lim  ited  to
105 Å (1Å = 10–10 m) for the wells and 30 Å for the
bar ri ers.  Ad di tional  con straints  con cern  the  min i mal
value of the ma  trix el  e  ment, as well as the up  per la  ser
level en ergy which is set to fit the in jec tor re gion. Also, 
the  lim i ta tion  re gard ing  the  fa vor ing  of  di ag o nal  tran -
si  tions in or  der to in  crease the up  per la  ser level life  -
time must be care fully bal anced with the con straint re -
gard ing  the  ma trix  el e ment,  mak ing  the  op ti mi za tion
pro cess  ex tremely  dif fi cult  and  com plex.
The de  sign pro  cess is con  cluded by add  ing the
ex ist ing  in jec tor/col lec tor  re gion.
The  self-con sis tent  rate
equa tion  model
The  out put  char ac ter is tics  are  cal cu lated  by  ap -
ply  ing the full self-con  sis  tent rate equa  tion mod  el  ing
of elec  tron trans  port [14] to the op  ti  mized struc  ture.
The model in cludes pho ton den sity equa tions de scrib -
ing  sin gle-  and  dou ble-pho ton  stim u lated  emis sion
pro cesses  which  sig nif i cantly in crease  the  com plex ity
of  the  nu mer i cal  pro ce dure.
In the model ap  plied in this cal  cu  la  tion, we can
use a sim  pli  fied form of the model de  scribed in [26,
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re  stricted to five per QCL re  gion (five in the op  ti  cally
ac  tive re  gion and five in each in  jec  tor and col  lec  -
tor/ex trac tor re gions), see fig. 2. Adopt ing the no ta tion 
and subband in  dexes given in [26], the in  jec  tor and
col lec tor re gions are rep re sented with five en ergy lev -
els each, subbands 1, 2, 3, 5, and 7 in the col lec tor, and
8, 10, 11, 13, and 15 in the in  jec  tor. Ac  tive re  gion lev  -
els 14, 12, 9, and 6 are equally spaced with the en  ergy
in ter vals res o nant to the lasing fre quency. Level 4 rep -
re  sents the ac  tive re  gion ground state which is lo  cated
one LO phonon en ergy be low the lower la ser level (6),
so as to fa  cil  i  tate faster car  rier ex  trac  tion from the ac  -
tive  QCL  re gion  into  the  fol low ing  col lec tor/in jec tor
re  gion of the sub  se  quent pe  riod, see fig. 2.
If we make the as  sump  tion that the tran  si  tions
be tween  the  in jec tor  and  col lec tor  are  neg li gi ble,  the
rate equa  tion for subband 1 can be writ  ten as
d
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where Wpq rep  re  sents the to  tal scat  ter  ing rate be  tween
subbands p and q. In the equa tion above, in dexes j and
k are equal to j = 4, 6, 9, 12, and 14 and k = 2, 3, 5, and 7, 
while sim  i  lar equa  tions can be writ  ten for all other in  -
jec tor/col lec tor  states.
In the case of ac tive re  gion lev els 4, 6, 9, 12, and
14, the rate equa  tion is given by
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where j = 4, 6, 9, 12, and 14.
The  con tri bu tion  of  SHG  res o nant  lev els,  i.  e.,
6-9-12 and 9-12-14 cas cades, is re flected through both 
se quen tially  and  si mul ta neously  res o nant  intracavity
dou ble-pho ton  pro cesses.  The  in cor po ra tion  of  these
pro  cesses into the rate equa  tion model is es  sen  tial,
since the two-pho ton ab sorp tion be tween 9 and 14 and
emis  sion be  tween lev  els 12 and 6 can se  ri  ously in  flu  -
ence the lasing per for mance, due to the re duced pop u -
la  tion in  ver  sion be  tween lasing states 6 and 9. They
are taken into ac  count by ex  tend  ing the rate equa  tions
sys  tem with the rate equa  tion for the den  sity of pho  -
tons  de scrib ing  sin gle-  and  dou ble-pho ton  stim u lated
emis sion  pro cesses
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here,  mw is the pho  ton den  sity [m
–3], Wij
pand Wik
p 2  are
the single- and dou  ble-pho  ton stim  u  lated emis  sion
rates,  G – the mode con  fine  ment fac  tor as  sumed to be
0.5 [28], and t
w
p – the pho ton life time re lated to the to -
tal loss aw as [28]  t n a
w
w p =
- ( ) g
1, where ng rep re sents 
group  ve loc ity,  ng  =  c/nw.
The  sin gle-pho ton  stim u lated  emis sion  rate  is
ex  pressed as [29]
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where Eij is the en ergy dif  fer ence be tween lev els i and
j, e – the permittivity of the lasing me dium, and w – the
in  ci  dent pho  ton fre  quency. It can be seen from the ex  -
pres  sion eq. (6) that the sin  gle-pho  ton stim  u  lated
emis  sion rate is pro  por  tional to in  ci  dent pho  ton den  -
sity  (light  in ten sity).  The  dou ble-pho ton  stim u lated
emis sion/ab sorp tion rate in the tran si tion cas cade i-j-k
is pro por tional to the pho ton den sity squared, as given
in [16, 28]
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In ad  di  tion, in the rate equa  tions sys  tem de  scribed
by eqs. (3) and (4) , the to tal scat ter ing rates be tween any
two lev  els of the non  lin  ear cas  cade in the ac  tive re  gion
in  clude not only the nonradiative scat  ter  ing rates orig  i  -
nat  ing from elec  tron-LO phonon and elec  tron-elec  tron
scat  ter  ing, but also from the ra  di  a  tive sin  gle- and
two-pho  ton tran  si  tions which are lin  early and/or
quadratically de  pend  ent on the in  ci  dent pho  ton den  sity.
For any other tran  si  tions oc  cur  ring out  side the
ac  tive re  gion, scat  ter  ing rates are ob  tained by tak  ing
into ac  count elec  tron-LO phonon and elec  tron-elec  -
tron scat  ter  ing only, mak  ing these tran  si  tions in  de  -
pend  ent of the pho  ton den  sity in the cav  ity.
The set of equa  tions ex  pressed by eqs. (3) and
(4) , to  gether with eq. (5) de  scrib  ing the pho  ton den  -
sity, form a to  tal of 16 rate equa  tions whose so  lu  tion
for elec  tron and pho  ton den  si  ties ni and mw, re  spec  -
tively, can en  able us to es  ti  mate mac  ro  scopic pa  ram  e  -
ters of the sys tem, such as the lin ear and non lin ear out -
put power. The scat ter ing time Wi,f is a func tion of both 
ni and nf  – ini  tial and fi  nal subband pop  u  la  tions, as
well as of pho  ton den  sity, as stated in eqs. (6) and (7),
hence the set of equa tions needs to be solved self-con -
sis tently,  us ing  an  it er a tive  pro ce dure  [14,  26].
Lin ear and SHG out put light in ten sity can be cal -
cu  lated from the pho  ton den  sity in the cav  ity as
I N m
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cav ity, set to 50 as in [16], while fac tor c/n is the speed
of light in the lasing cav ity. The out put power can now
be  cal cu lated  as
P I A w w = (9)
where, A rep re sents the cross-sec tional area trans verse 
to  the  light  prop a ga tion  di rec tion.
By solv  ing the steady-state rate equa  tions sys  -
tem given by eqs. (3)-(5), we can de ter mine the pho ton 
den sity  and,  cor re spond ingly,  the  ini tial  fun da men tal
power out  put given by eqs. (8) and (9). The non  lin  ear
out  put power can then be ob  tained from the fol  low  ing
ex pres sion  [28,  29]
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here,  l  ~ 9 mm is the wave  length of the fun  da  men  tal
mode and IR  rep re sents  the  ef fec tive  in ter ac tion  cross
sec tion de cided by the over lap be tween the fun da men -
tal and the sec  ond har  monic mode, con  sid  ered to be
equal to the one given in [16], i. e. 1000 mm
2. nw =
=.kwc/w and n2w= k2wc/w are re  frac  tive in  di  ces of the
fun da men tal  and  sec ond  har monic  mode,  Dk = 2kw –
k2w the phase con  stant mis  match and a2w is the to  tal
loss in  clud  ing both the wave  guide a w
w
2  and the mir  ror
loss a w 2
m . The wave  guide losses, as well as the di  men  -
sions of the wave  guide, are taken from [16]. The mir  -
ror losses can be es  ti  mated by
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where, L is the cav  ity length, while R1 and R2 are re  -
flec tion  co ef fi cients  at  the  fun da men tal  and  sec ond
har  monic fre  quency. They are re  lated to the re  frac  tive
in di ces  as
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The mac ro scopic pa ram e ters of the sys tem, such
as lin  ear and SHG power, can be eval  u  ated by re  peat  -
ing the self-con  sis  tent pro  ce  dure for a num  ber of ex  -
ter nal fields and by cal cu lat ing the life times and tran si -
tion  ma trix  el e ments  which,  con se quently,  in flu ence
the elec  tric cur  rent and subband pop  u  la  tions, as well
as pho  ton den  sity.
NU MER I CAL  RE SULTS  AND
DIS CUS SION
The pre vi ously de scribed pro ce dure is flex i ble and
widely ap pli ca ble to any num ber of struc tures. How ever,
here we have cho sen to con sider the op ti mi za tion  of  the 
ac  tive  re  gion  for  the  ref  er  ence  struc  ture de  scribed, 
[16],  which con  sists of two cou  pled InGaAs quan  tum
wells sep a rated by an AlInAs bar rier, de signed for fun da -
men tal and SHG wave lengths at  l ~ 9 mm and l ~ 4.5 mm, 
re spec tively.  This  lim its  the  fun da men tal  tran si tion  en -
ergy to ap  prox  i  mately 136 meV, while the en  ergy dif  fer  -
ence be tween the ground and the lower la ser level  is  de -
fined  by  LO phonon en  ergy and amounts to 34 meV.
The op  ti  mi  za  tion was car  ried out for the value of the ap  -
plied field of F = 38 kV/cm, tem  per  a  ture T = 10 K, and
sheet car  rier den  sity Ns = 37.2×1010cm–2, which was de  -
rived from the dop  ant pro  file per re  peat pe  riod and was,
ini  tially, at the be  gin  ning of the self-con  sis  tent pro  ce  -
dure, as  sumed to be dis  trib  uted equally be  tween the
subbands of one pe  riod.
In or  der to better il  lus  trate the it  er  a  tive pro  ce  -
dure de scribed in the pre vi ous chap ter, the re sult of the
self-con sis tent  cal cu la tion  for  one  of  the  pa ram e ters,
namely pho ton den sity, is shown in fig. 1. The time in -
ter val  for  solv ing  the  dif fer en tial  equa tions  is  set  to
1 ps, the value reach  ing con  ver  gence af  ter ap  prox  i  -
mately 30 it  er  a  tions, while the num  ber of it  er  a  tions
dif  fers from struc  ture to struc  ture and is not the same
for the ref  er  ence and the op  ti  mized struc  ture.
A sche matic di a gram of quasi-bound en ergy lev -
els and as so ci ated wave func tions squared for an in jec -
tor-ac tive  re gion-in jec tor  sec tion  of  the  op ti mized
struc  ture is shown in fig. 2. The layer se  quence of one
pe  riod, in nanometers, start  ing from the in  jec  tion bar  -
rier is: 4.1, 8.6, 1.5, 5.7, 2.6, 4.1, 2.1, 3.9, 2.3, 3.7, 2.5,
3.5, 2.6, and 3.3, where nor mal scripts de note the wells 
and bold the bar  ri  ers. The in  jec  tor and col  lec  tor re  -
gions are num  bered, as given in the pre  vi  ous para  -
graph. Non lin ear cas cades are formed by lev els 6-9-12 
and 9-12-14. The first cas cade co in cides with the la ser
tran  si  tion, while the res  o  nance of the sec  ond cas  cade
can be achieved by rel  a  tive thick  ness vari  a  tions of the
two QW and the bar  rier be  tween them. At the ap  plied
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Fig  ure 1. The re  sult of the self-con  sis  tent cal  cu  la  tion
for pho  ton den  sity. The time in  ter  val for solv  ing the
dif  fer  en  tial equa  tions is set to 1 ps; as can be seen, the
value  reaches  con ver gence  af ter  ap prox i mately  30
it er a tionsbias  field  of  38 kV/cm, for  which  the  op  ti  mi  za  tion
was  per  formed,  the  lasing  wave  length  amounts  to   
l = 9.08 mm.
By us  ing eq. (10) and adopt  ing the pa  ram  e  ters
given in [16], we can es ti mate the non lin ear con ver sion
ef fi ciency h w w = P P 2
2 / of  272 mW/W2 for the ref er ence 
struc  ture, which is in good agree  ment with the ex  per  i  -
men tally ob tained val ues of ~100 mW/W2 given in [16]. 
The cal cu lated value for the sec ond or der non lin ear sus -
cep ti bil ity  of  | | .
( ) c
2 4 2 58 10 = ×  pm/V is in ac  cor  dance
with the cal  cu  lated val  ues of 2×104 pm/V given for the
ref  er  ence struc  ture in [16]. How  ever, the op  ti  mized
struc ture  shows  a  no tice able  im prove ment  re gard ing
these pa  ram  e  ters and the cal  cu  lated val  ues for the non  -
lin ear-to-lin ear  con ver sion  ef fi ciency  and  the  sec -
ond-or der  non lin ear  sus cep ti bil ity  are  349  mW/W2 and
2.71×104 pm/V, re  spec  tively.
Fig  ure 3 rep  re  sents the lin  ear and non  lin  ear out  -
put for both the ref  er  ence and the op  ti  mized struc  ture.
The cal  cu  lated val  ues are rep  re  sented with sym  bols:
white for the ref  er  ence struc  ture [16] and grey for the
op  ti  mized one. Cir  cles cor  re  spond to the lin  ear,
squares to SHG power. The thresh  old cur  rent es  ti  -
mated for the op  ti  mized struc  ture is close to 0.5 A,
while the cal cu lated value for the ref er ence struc ture is 
about 2 A, which is in good ac cor dance with the ex per -
i  men  tally ob  tained val  ues given in [16]. It can be seen
that the op ti mized struc ture shows higher lin ear out put 
pow  ers at lower cur  rents.
As can be seen from eq. (10), the phase mis  -
match fac  tor Dk plays a sig  nif  i  cant role in non  lin  ear
con ver sion  ef fi ciency  es ti ma tion.  In  our  cal cu la tions,
the phase mis  match fac  tor is about 100 times larger
than the loss a2w. Even though the cal  cu  lated val  ues
for the non lin ear con ver sion ef fi ciency are rather high, 
they could be ad  di  tion  ally en  hanced by mak  ing the
phase  mis match  fac tor  com pa ra ble  to  the  op ti cal
losses,  or  by  de creas ing  the  ef fec tive  in ter ac tion  area
IR, which will be the sub  ject of fur  ther work.
CON CLU SIONS
A pro ce dure for the de sign and op ti mi za tion of a
GaInAs-AlInAs-based QCL is pro  posed. It re  lies on
the use of the Ge netic Al go rithm for the pur pose of de -
ter min  ing a set of de  sign pa ram e  ters that would fa  cil i  -
tate  large  non lin ear  op ti cal  sus cep ti bil i ties.  The  de -
scribed tech  nique was ap  plied to the op  ti  mi  za  tion of a
dou  ble quan  tum well la  ser and the out  put char  ac  ter  is  -
tics of both; the ref  er  ence struc  ture and the op  ti  mized
struc  ture were eval  u  ated by mod  el  ing the car  rier dy  -
nam  ics by use of the full self-con  sis  tent ap  proach ex  -
tended with pho  ton den  sity equa  tions. Ref  er  ence de  -
sign  cal cu la tions  show  ex cel lent  agree ment  with
ex per i men tal  re sults  while,  si mul ta neously,  the  op ti -
mized  struc ture  pre dicts  a  sig nif i cant  im prove ment  of
the  non lin ear-to-lin ear  con ver sion  ef fi ciency  and  the
sec ond-or der  non lin ear  sus cep ti bil ity,  as  in tended.
The tech  nique has no re  stric  tions re  gard  ing the
num ber  of  op ti mi za tion  pa ram e ters  or  ma te rial  com -
po si tion and dem on strates high op ti mi za tion abil i ties.
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Fig  ure 2. A sche  matic di  a  gram of quasi-bound en  ergy
lev els and as so ci ated wave func tions squared for one and
a half pe  riod of the op  ti  mized struc  ture. The layer
se  quence of one pe  riod, in nanometers, start  ing from the
in jec tion bar rier  is: 4.1, 8.6, 1.5, 5.7, 2.6, 4.1, 2.1, 3.9, 2.3,
3.7, 2.5, 3.5, 2.6, and 3.3. Nor  mal bold scripts de  note the
wells and bold italic the bar  ri  ers
Figure 3. Fun  da  men  tal power (straight line) and
the non  lin  ear power (dashed line) un  der dif  fer  ent pump
cur  rents for the op  ti  mized (grey sym  bols) and ref  er  ence
(white sym  bols) struc  ture. The lines rep  re  sent
in  ter  po  lated val  ues of the cal  cu  lated data which are
de  noted by sym  bols (squares and cir  cles)AU THOR  CON TRI BU TIONS
The the o ret i cal anal y sis was car ried out by A. D.
Gaji}, J. V. Radovanovi}, and V. B. Milanovi}. Nu  -
mer  i  cal cal  cu  la  tions were per  formed by A. D. Gaji}.
All au  thors de  vel  oped the elec  tron trans  port model
and ana  lysed and dis  cussed the re  sults. The manu  -
script was writ  ten by A. D. Gaji} and J. V.
Radovanovi} and the fig ures pre pared by A. D. Gaji}.
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Dragan M. IN\IN, Zoran B. IKONI]
OPTIMIZACIJA  OPTI^KIH  NELINEARNOSTI  U  GaInAs/AlInAs 
KVANTNO  KASKADNIM  LASERIMA
Bez obzira na ogroman napredak ostvaren u oblasti dizajna i izrade kvantno kaskadnih
lasera prilago|enih za zra~ewe u sredwe infracrvenoj i terahercnoj oblasti spektra, opsegu
talasnih du`ina od ~3-4 mm i daqe se pristupa sa ograni~enim uspehom. Ova ~iwenica je dovela do
potrebe da se rezonantni unutarzonski prelazi iskoriste kao sna`ni nelinearni oscilatori, {to
omogu}ava da se velike nelinearne opti~ke susceptibilnosti iskoriste kao sredstvo za  postizawe 
`eqene talasne du`ine. U ovom radu, predstavqamo ra~unski model za optimizaciju opti~kih
nelinearnosti drugog reda u In0.53Ga0.47As/Al0.48In0.52As kvantnim kaskadnim laserima zasnovan na
primeni genetskog algoritma. Transportne karakteristike i izlazna opti~ka snaga izra~unati su
samosaglasnim re{avawem sistema brzinskih jedna~ina za elektrone i fotone. I stimulisani i
spontani dvo i jedno-fotonski procesi apsorpcije koji se javqaju nivoa relevantnih za generaciju
drugog harmonika su uneti u brzinske jedna~ine, a u obzir su uzete i zonska neparaboli~nost i
zavisnost efektivne mase od materijala. Razvijena metoda je prili~no op{ta i mo`e se primeniti
na bilo koji efekat vi{eg reda koja zahteva ukqu~ivawe fotonske jedna~ine.
Kqu~ne re~i: kvantno kaskadni la  ser, genetski algoritam, generacija drugog harmonika,
..........................opti~ka nelinearnost